A single-factor field experiment was conducted in 2008 and 2009. The aim of this study was to evaluate the low-morphine poppy cv. Mieszko which was sown at three different dates: I-early, II-optimal, III-delayed. The results of the experiment demonstrate that there is no difference between morphological traits at characteristic growth stages. Plants in the population varied in the number of poppy heads (from 1 to 6). Plant productivity in the crop depended on the sowing date and growing year. Sowing poppy at the early and optimal date allowed more productive individuals that produced poppy heads with a higher unit weight to be obtained in the crop population. The most productive plants in the crop formed 3 or more poppy heads per plant. The results of experiment proved that the date of poppy sowing had a significant effect on plant growth and, as a consequence, on yield, in spite of the fact that it is a no-cost agrotechnical factor. For utilitarian reasons, efforts should be made to do sowing at the optimal time.
INTRODUCTION
The opium poppy (Papaver somniferum L.) belongs to the Papaveraceae family and is also called medicinal poppy (H a g e l e t a l . 2008; N é m e t h , 2006; P u s h p a n g a d a n and S i n g h , 2001 ). This species is a very old cultivated plant and its species epithet -somniferum -can be translated as "sleep--bringing", which was and still is of great importance for people suffering from pain (H a v e l e t a l . 2008; S u c h o r s k a , 1990). Alkaloid compounds are distributed unevenly in high-morphine poppy plants, hence poppy heads -green or ripe -have been a source of alkaloids or opiates (N é m e t h , 2006; P u s h p a ng a d a n and S i n g h , 2001 ; S u c h o r s k a , 1990). On the other hand, poppy seeds have been used already from ancient times as a valuable, since energetically concentrated, food due to a high content of fat, ranging from 40 to 50%, and of protein -approx. 20-27% (H o n e r m e i e r , 2006). V a š á k and V l k (2010) stress that among European countries the highest annual consumption of poppy seeds, amounting to 400 g per person, is in Poland, in the Czech Republic and Slovakia poppy seed consumption is 300 g, whereas it is much lower in Germany and in the former USSR countries, about 100 g. Blue-coloured varieties are currently recommended for growing, since such poppy seeds are preferred in the confectionary industry (H on e r m e i e r , 2006).
Analysis of poppy productivity in agricultural technology research has included seed yield of primarily poppy varieties belonging to the high-morphine form. Morphine content and yield have also been evaluated, depending on cultivated cultivars (O g r od o w c z y k and W a w r z y n i a k , 2007), mineral fertilization and agro-climatic conditions (L o š á k and R i c h t e r , 2004; W ó j t o w i c z , 2007). So far, no broad-based field studies have been undertaken on the growth of plants at characteristic growth stages of poppy, in particular its low-morphine form, which gives a small pool of knowledge on its biology. As regards the high-morphine form, studies under controlled conditions have shown that the number of days with active photosynthesis between full emergence and flowering is the main determinant of plant biomass yield (A c o c k et al. 1996) . The need to accelerate the date of sowing of the spring form of poppy under the temperate climatic conditions results from its quite long growing period, which is from 125 to 140 days; however, young plants withstand ground frost up to -8 o C without major damage, which allows early sowing in the 3rd decade of March (N o v á k et al. 2010; F u l a r a , 1971). K o s e k and P š e n i č k a (2010) emphasise that low-weight poppy seeds need to be placed shallow in the soil, and the emergence rate is at a level of barely 25-33% of sown seeds. In the years with less favourable weather conditions in the spring, poppy sowing is much delayed and, as a consequence, crop yield is reduced (W ó j t o w i c z , 2007). In some years, adverse weather conditions after seeding delay plant emergence and this growth stage of poppy can extend to 30 days (B u d z y ń s k i , 1985).
The aim of the present study was to evaluate the effect of three sowing dates on yield and growth of low-morphine poppy plants, cv. Mieszko, with special reference to their morphological traits at characteristic growth stages, and to estimate the contribution of particular organs to biomass yield of a single plant.
MATERIALS AND METHODS
A single-factor field experiment, set up as a randomized block design, was conducted in the period 2008-2009 in a farm located in the village of Stradlice, Kazimierza County, Swiętokrzyskie Voivodeship. The test crop was the low-morphine poppy cv. Mieszko, sown at three dates: I -early date (as soon as possible); II -optimal date; III -delayed date (by one week). In the years 2008 and 2009, the calendar dates of poppy sowing were respectively on 27 March and 24 March (early date), 2 April and 30 March (optimal date), 9 April and 6 April (delayed date). The experiment was carried out on chernozem soil characterized by high availability of phosphorus, potassium and magnesium as well as by a neutral pH; the soil was classified as a very good wheat soil complex. Every year, dressed seeds of the low-morphine poppy cv. Mieszko were sown at a rate of 1 kg×ha -1 , which gave a plant density of 270 germinating seeds per 1 m 2 . The poppy seed material was sown using a seed drill at a depth of 0.5-1 cm and with a row spacing of 40 cm, in a field following winter wheat. 60 kg N ha -1 in the form of ammonium nitrate, applied wholly pre--sowing, was used in poppy growing. Nitrogen and potassium fertilization was also applied in the form of boron superphosphate, which supplied 22 kg P, and in the form of potassium salt at a rate of 75 kg K×ha 2 areas in each plot as well as their density was determined. After the plants reached maturity, the plants were pulled out from the 1 m 2 areas and air dried; number of poppy heads per plant, length of the main shoot and of lateral shoots and poppy head length were determined. The area of a single harvest plot was 12 m 2 . The air-dry weight was determined for the individual components of the poppy plants; it was established following the above described procedure. In order to conduct an in-depth evaluation of poppy yield, the harvest index was calculated per plant, not per area. The obtained results were subjected to two-factorial analysis of variance, whereas the significance of differences between means was evaluated by Tukey's test at the 5% level of probability. Regression equations, together with multiple regression coefficients, were calculated for selected pairs of traits using Statistica® 9 software.
RESULTS
The weather patterns during the experimental years varied ( Stem and leaf dry weight per poppy plant, at characteristic growth stages associated with plant greenness, did not differ significantly (Table 2 ). Both the delay in sowing date and worse plant growth conditions in 2009 had an effect on the reduction in the weight of stems and leaves -the main components of above-ground plant biomass, in particular at the leaf rosette and budding stages. The weight of leaves at the leaf rosette and budding stages was higher than that of stems. It was as late as the flowering stage that the stems gained an advantage in total plant matter. In turn, at the green maturity stage of the poppy plants, the weight of leaves declined but their number did not decrease significantly, probably due to some equivalent processes, i.e. the falling of large leaves after the end of the life cycle which had a large area and weight and were located in the lower and middle part of the stem (plant), as well as due to the formation of small leaves in the upper sections of the main and lateral shoots. At this stage, stem dry matter also decreased minimally, in this case probably on account of redistribution of assimilates from this organ to the developing seeds. Plant dry weight per poppy plant was lower in 2009, in particular at the flowering stage (Fig. 1) . In turn, plant dry weight per 1 m 2 was significantly lower in 2009 due to soil drought during seed germination. In this year, two adverse events occurred simultaneously after sowing, that is, self-thinning of plants in the crop as a consequence of poor emergence. On the other hand, the plants strongly sought after generative development the duration of which was shortened; therefore, they were not able to increase their biomass to such a degree that there would be a significant compensation of the above-ground biomass of the poppy plants. An area chart (Fig. 2) shows the proportions of individual components of a single poppy plant in the participation in dry matter at all growth stages, depending on the sowing date.
Plant height at particular stages was determined to a small extent by the sowing date of poppy (Table  3 ). The delay in sowing date showed a slight tendency towards a reduction in plant height at the budding stage. Plant height was reduced more strongly by the growing conditions in particular years. In 2009 the poppy plants were lower from the budding stage. The poppy growth conditions in this year are described above. The lower poppy plants in 2009 had more lateral branches, which should be considered to be an adaptive element that shows signs of compensation in a less dense crop. Number of leaves is a very similar characteristic due to high leaf polymorphism of the poppy plant. As a result of this correlation, the rosette leaves and those growing out of the stem below have a larger area and, in particular, a larger weight. However, the upper and sessile small leaves, functioning at the green maturity stage of poppy, had a similar weight, even though their number did not decrease significantly compared to foliage at the flowering stage. Figure 3 presents additional and precise information on this aspect. The data on dry weight per leaf at successive growth stages inform that at the budding and flowering stages, irrespective of the study year, these organs of the poppy plants had the highest unit weight. The delay in sowing date caused a trend towards a reduction in dry weight per leaf in the poppy plants. Table 4 and Figure 4 presents poppy plant classes distinguished on the basis of the number of seed capsules formed. Poppy seeds sown at the optimal date produced plants that had even six capsules. But the percentage of this group of plants in the crop population should be estimated as low, as it reached a bare 0.7%. In analysing the poppy plant populations originating from particular sowing dates, a similar growth trend can be noticed -a slightly higher height of the plants that produced more seed capsules. This direction in the growth of low-morphine poppy plants should be interpreted as their efforts to ensure the best exposure of poppy heads to the inflow of photosynthetically active radiation (PAR) to the fruits located in such a way. In the case of the delayed sowing date, the number of plants with a single capsule increased in the crop. A direct comparison of the group of single-capsule poppy plants, grown from seeds sown at different dates, shows slightly higher productivity of those sown at the optimal time (Fig. 5) .
Seed yield from the single-capsule plants originating from optimal and delayed sowing was, respectively, 1.81 and 1.54 g. In spite of the highest proportion of single-capsule plants in the poppy population, in the case of the optimal and delayed sowing dates the plants that had produced two capsules had the largest contribution to seed yield per unit area. Seed weight per poppy head of the main or lateral shoots, depending on the total weight of the fruit (a) and its length (b), was significantly high and showed a linear pattern (Fig. 6) . The number of fruits -poppy heads produced on a single poppy plant depended on the sowing date, as shown in the results presented in Figure 7 . It was determined that poppy sowing at the early and optimal date allows a similar yield to be obtained, whereas the delay in sowing date significantly decreased yield, in particular in 2009 (Fig. 7) .
DISCUSSION
The studied sowing dates of low-morphine poppy, cv. Mieszko, resulted in significant variation in plant growth during the growing period. Both the delay in sowing date in both years of the study and inappropriate seed germination conditions in 2009 reduced leaf and stem dry matter per plant, in particular at the beginning of ontogenesis, i.e. at the leaf rosette and budding stages. In the literature on poppy biology and productivity, dry matter per plant at characteristic growth stages has not been generally analysed for poppy plants grown under field conditions. This applies to both the high-and low-morphine form. W a n g et al. (1997) determined that the growth of young poppy plants under controlled conditions (phytotron), from the young plant stage to the flowering stage, was not dependent on the temperature parameters under investigation.
The proportions of particular components of a single poppy plant at all growth stages were in accordance with expectations. The contribution of particular plant organs to above-ground plant biomass was dependent on the sowing dates studied and this agrotechnical factor had a significant corrective force. Two leading components of the poppy plant -that is, stems and leaves -had a dominant role in determining plant weight. Z a j ą c et al. (2010) found that the cv. Mieszko, representing low-morphine poppy, showed a high constancy of its specific characters and, as a result of that, plant density in the crop was significantly related to climatic patterns. In turn, plant density determines the number of head capsules per plant in the crop. In a more dense poppy population, plants with a larger number of poppy heads were higher and due to this they were more massive and, at the same time, more productive. A detailed biological inventory made at the full maturity stage showed that in the low-morphine poppy crop different categories of plants could be distinguished which produced a different number of poppy heads, and the direction of this biological process was almost the same for the sowing dates under comparison. The number of heads per poppy plant was dependent on plant density in the crop which was determined by climatic conditions of the growing year and sowing time, therefore it fluctuated within quite a wide range; this conclusion confirms both older findings made by J a b ł o ń s k i (1967), F u l a r a (1971), and B u d z y ń s k i (1985) , and more recent ones made by W ó j t o w i c z (2007) . In their study of 404 genotypes from a world-wide collection of poppy, B r e z i n o v á et al. (2009) found that a single plant produced an average of 2.05 poppy heads, and the range of this trait was relatively small, since it was from 1.45 to 2.94, which are the minimum and maximum values. Variation in seed yield per poppy head is determined by flowering biology, since a single flower of the poppy plant blooms for one day in sunny and warm weather, while in the conditions of cloudy, cold and rainy weather flowering extends to 2-3 days. The flower on the main shoot of the plant blooms first, and then the flowers on the lateral shoots bloom, hence a single plant flowers for several days, while flowering of the crop extends over a period of 8-15 days (M u -ś n i c k i , 2003). It has been determined that high--morphine poppy plants grown with a row spacing of 30-40 cm and 10-20 cm distance between the plants in the row produce on average 3-4 poppy heads per plant (N é m e t h , 2006). Plants of the low-morphine poppy cv. Sujata, grown in India at a similar row spacing, have a similar number of fruits (US Patent, 2004) . In the present study, the low-morphine poppy plants sown at the optimal date formed on average 2.2 poppy heads. A record number of poppy heads, that is, more than six pieces per poppy plant of the cv. Shyama, were obtained after foliar application of the growth regulator Triacontanol®, whereas in the control treatments the plants produced only four fruits (S r i v a s t a v a and S h a r m a , 1990). But other authors have not verified poppy productivity using this method. Under the conditions of pot experiments with nitrogen fertilization of poppy, some researchers observed a much lower number of poppy heads per plant -ca. 1.4 pieces (L o š á k and R i c h t e r , 2004). The results of the present study showed that there were strict and linear correlations between the total weight of the poppy head and the weight of seeds from this fruit; however, the location of the fruit on the main or lateral shoots was irrelevant. The poppy heads situated on the main shoots of the low-morphine poppy plants gave higher seed yield compared to capsules located on the lateral shoots. In the Czech Republic, a world--leading producer of poppy seed, poppy growers now seek to have a density of 65-70 poppy plants per 1 m 2 which will jointly produce about 100 poppy heads; the assumption is that plants should have one or two poppy heads that will individually produce seed yield of 2.2-2.5 g (N o v á k et al. 2010).
CONCLUSIONS
The date of poppy sowing did not affect stem or leaf dry weight per poppy plant at characteristic growth stages. Number of leaves and plant height did not differ, either. Poppy leaves at the budding and flowering stages had the highest unit weight. However, different groups developed in the population of plants growing individually in the rows. Ultimately, this phenomenon resulted in increased variation in morphological traits of the plants.
Sowing poppy at the early and optimal date allowed individuals that produced poppy heads with a higher unit weight to be obtained in the crop population. The presence of massive plants was found in the plant populations originating from two sowing dates under comparison, that is, the early and optimal sowing time; they were higher and had a larger number of heads, hence they were more productive and gave above-average, 3-4-times higher yield per unit area. These plants optimized the harvest index for the whole crop.
The low-morphine poppy cv. Mieszko shows the capacity for certain compensation of the loss in plant density through a higher number of poppy heads per plant. But a delay in sowing by 1 week significantly reduces seed yield. The date of poppy sowing was shown to have a significant effect on yield in spite of the fact that it is a no-cost agrotechnical factor; therefore, efforts should be made to do sowing at the optimal time.
